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(54) VIDEO PROJECTOR AND DISTORTION CORRECTING METHOD 
THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize the 
precise correction of distortion of an image by 
an inexpensive camera even on a screen of a 

curved plane as well as a flat plane. ® 1 

SOLUTION: A light spot of a laser pointer 5 % 
whose angle can be controllable and which is 
placed in the vicinity of an ideal visual point is 
projected on a screen 2 of a curved plane. A r ••. * _ ^ 
CPU 1 1 draws a measurement image (dot image) 
generated by a graphics board 1 2 into a frame \ 3 
memory of an image modification circuit 1 3 to 
allow a projector 3 to project the image onto the 
screen 2. A camera 4 photographs a projected 
image including a light spot and the dot image on 
the screen and a capture board 14 captures the 
photographed image. The CPU 1 1 measures the 

position of the light spot and the dot image on the received image by the board 1 4 
and converts a pixel coordinate of pixels of the dot image on the frame memory 
into a coordinate of the light spot on the received image when both the light spot 
and the dot image are coincident while moving the dot image. A coordinate 
conversion parameter memory of the image modification circuit 13 receives 
converted values of each pixel coordinate. 
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-ci£»*LfcW-«Jf!Wffc (^®«) fcMMBNB* 1 3 e 

7 4-efILt, *t7"ft#-Kl4 
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[WifffiWtro«6ia] 

[8S**1] KB**yu:iiW£ftfc**lIfB*:7 p n 

square** y — ><D&f&&B£&x.#tf s *>ai& ufc 

B £ BfJlE A2l HIB± t- *5 tt 5 tu!Eft,6tf>M8l C J: o T S 

[It** 2] f»** 1 Hfc^T, 

fJEtt»UflB*BBW:ll«;>« * y ©fflKWBfcJiBf Lfc 
BBBT, w©£WB£JffiiEft;&i<D8E«?:**T, d 

BB0>B«jE*8:. 

[ill** 3] B**lK:*3^-C, 
ffjfEtfaiJfflS^BifgtttilHts^y e>&7N6ffl&£U - 

SrIB/hbrittlEBfjertSSESr - t Sr^mt-fStt 
**B»fi©ffiB]E#ife. 
[11**4] W#*l» 2*fc»i3l"*JV>-C, 

8i£ £ tt£q%R ft BBffi t a Bftffi-a^^B^JIM 

IE*?£„ 30 

[»**5] S8**i, 2*;fc»;i3i;::i3^-T:, 

5 - t t -r5lft«a^§6B©SfflIE^ffi. 
[»**6] W**l~50n^i**XA»K:l3Vvr, 

BBMBp , *!J©IB*BBro» : l'-e, *nEJfcjft<B*BK:J: 

^reroltrafcJ;oT*«>5e)tlftafeiKBro^ffijE*jSfe. 
[§g**7] 19**1 ~6rov>Tix^*3V>-c, 
BB;** y— ^KBBro^o^a^^Kiia^jfcftB* 
»Bi-<5 #/D^i^©««»ISi« #0 
fcHuiaft jkSra^U BB**'< 9 

# *mm-rz> v*. * 9 3 r t t -t 

5?*Ba»Slfi»M*E*ffi. 
[ft**8] ¥®*fcf4ftffiro^.^ y -yt, y 
-v^^iii^«ra^i-?.7'c I v? 3 i^ ; 5't > IliHBaBB 

^ * * (;: tb*ji- 5 BBMBBB *B x. £ tfeB&BBB 

y-v±(7?^scDSK(4fi^*AS:a»-rsa3t3s 50 
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ft, Jftfe3t£wai*&«£^S-f3ig!Bi:, SiTfE** 
y -V©BB*»HH-<5# y 7 SrKtt, 

A^BBIBBSgfii, BB:7'n$>***fc:.fc$W-«BB 
^HHSi t lftfEft^ i ©IfflEAABB-LtetStt 5B*NfcB 

*BEBB«»Bfitettttfc£**BBi:-rSI*«»B 
§£6<. 

[St**9] ft**8(;i:fc^-C, 

©BBBB«rBB#jGM>«BteJ: 9B#**.3BBB* 
J££IBo 

[ft**10] gf**9l;:*5V>-C. 

^HHgifclSiiirf -SAABS' 7 r f8B£tvCV>3B* 
BB * BBBB «>BB J: o T B 

[0001] 

[«B©B-*-3tt«#»] #BW«\ ])-^±\z.m 

B*aiturB*-r5ttBaii53SBtw«*>o, bksb 
[0002] 

[tgJfecDSffi] tt&4>BBfiB£B0BB£a>ttjE:£& 
t L"C„ B*.«U **5fl¥8-8 8 8 6 0f <§IB«1) 
-^pips _ 3 3 16 1 0^- (?lfflM2) W^SIClStt 

sn-cv^tro^^tixvs. 3i,«0u T*te. ^^y 

tsb^mo*? y — ^-e»i-&^{ca^Sr t^r^iJfflb-C 
[0 0 0 3] 

[0 0 0 4] ±fE(73§lffl^J2(iJ;5i®^SI» : WiE^ 

&mtet\ w-fc'&ftn*? y— >-ic:affl-rs 5 ^r- 

SH^foS„ Ell 7 (a) ~ (c) fcJ:»K Sffiro^.^ 

y-v(r*3it5aKiii^w^S:IS,pj-rSc crr-OT'n 
v?^^^(i, jp®^.^ y — >tr*furs*JK (4 : 3) 
SrSHf-f 5— IttW'St'bOki-*. (a) T-tt, /ni?* 
3/4^*E^.^ y — >2\ZttV. tB.&&ttzmtez> 

m^iuaf^u-c^s. 

[0 0 0 5] «*J^<05ciiiBS:ft®^^ y — v2tcK:^ 
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roitVMCfco-Cai^ m&%frb\* (b) (DXoK&m 
tiZVi<DWi&2 lien,*.*. rwi&E^lcfl-^ciHg^ 
1 fc: M5 £ 5 IwttlE-r 5 d t 

lefts, ciroM^tt^.^ y — vco^tt-^**, /dv* 

[0006] 12117 (c) 14, looil^^ y — 

*TU 2o©/ovJi^?ii>iblS:f tfc»t2 1 -1 t 
T^-5„ ^(Dm&. III^OSimHg! 2 1 - 1 , 2^S^C if 

2 1-3 <o&M<d& 21-511 iffij;£rtf>:/n 
l -4Sr#5r t^"C#^v\ £©fc«>icw\ tiSle* 

[0007] *mm<o3mz. ±&Liz&&&ffi<omm 

w £ <5 o 
[0 0 0 8] 

[0 0 0 9] -t-^tofe, *ftW&. Mfe* * y ^ffiiU £ 

f£ Lfcff«/B**]ilffe«r;& * 7 ic i o »jk its t> & 
m mmm * suie a* w- s striae <affi« t- «t 

So 

[ooio] *«ff»iffliBffco-««tt*iir«-c*>*o 

Sfctt^RBIt 1 (ll*$fclil Kyh©«*PSff) £ 5(9 
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[00 11] Sfc. *J8M-Ctt. #^7 0t£;*c««jg£fiJ 

[0012] $ feK, #3B9!-ett, y -^ic^&tf) 
«fc SUMS**'*? ^ - # SrMfrT 5 * 
[0013] 

tt. ±iSMCPUl l«r#U ^ya^ (PC) T* 
13, *f^ft#-Kl 4at5«-&«»EKl 5tt, 

v-^^i^* i 6ia!)cpui i iSttsnrv^. 

if^V* yfXtf— Kl 2liVGA7t- h (6 4 
OlfX4 8 0ll) CDRGBT^C2^{f^^t±J^-r 
3 0 RGBr^-n^ffl*ttlii«*«5leIKl 3^A**ix 
So ®H£^IhJ&&i 3f^w^A^iilI^^^azE^J: 

VGA7^-v 7 l>ORGBrtD^m 
[0014] ^n^*^^ 3ttiB«S?KlHlBORGBr 

#^^^raf i, y-^2^aJ^^^»^-t" 

KS^6tC^^nTV>S 0 S-&6fim-&©J^lHlK 1 5 

5(D3t^Ji^^ y— >*2±§r7K¥ : , ^E^r^t-^ 

[0016] El 2 tcBi^^lHlSSOfll^Sr^i- o 

*3KaiAi-5o ®«^?^[H]S§1 3CDCPU1 3 ltt. 
/<7I/F13 2, rtSfB^^ 13 7 ^lt, »J^1^B 
1 (Di/^v-J*^* 1 6 £g^£;ftTl>5 0 A/D 13 4 
fiRGBTfp ^W-S-A^i-r^^^ft^J-aHft-t-So 
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7 U — J**^}) 1351164 OI^X 4 8 Oi^2B» 

A/<7 7 7J) J A/D 1 3 4^5)^Iftf^ *£rg^iZ^ 
ffi^CO^ f^D/A 1 3 6^S 

{g^-^Srffl^-TSo D/A13 6li7^^^f-^$; 
VGA7^-7y hORGBTfo^lCf^t 

So 

[0 0 17] 1 3 3 14, VG 

A±mm (6 4oiix4 8oi» (Dimmztiz, 

o, is) (Dmm&mxmm oo, 35) cou^t^ 
ifeLfcv^tw:, ^^^ey^ai^ffiai 

(3 0, 3 5) tftstsrK^t (10. 15) £ 

[0018] cpui3i (iiit^^^-^^^y 

S «fc 0\^y J***rD 1 3 5— T K^t»«t6. 
#J*Ltf. CPU13 1ttffiMS (3 0, 3 5) <nmt) 

^>?(Dt$, mm&&'<7*—***v 1 3 3 <d 

(3 0, 3 5) l:«St5TK^^6 (10,15) ^ 
<Dffi*^-*«rtt*SS. t5t, (10,15) <7>ffi 

M^^rv i3 5tt (10, 15) (Dmrnztimi- 

S D 

[0019] JifE<^IUS^{c:«t56ft«SJK3gBo 
MfftS*:E<0»«s£ffi«-t-a o 03l:CPUl llcMfp 

x^^A) T-f4, u~- V*4*9 5lJ:J:«*!pffi««)» 
7^ (ft*) , /n^x^^ 3a>ktHI«fflM«<OtiJ;*K # 
^7 4tc«tS»*S:fTV\ CPUl l^A*It±-CO ^ 

[0020] <*^s>:/ 
b) -ctt\ *«>fcffi«aE»^7^-# c:tii &m 
■tzmmm) *mm&&'<7*-9**v 1 3 3^** 

i^tfo Bfefft&JK (^^y^C) -Cf4, CPUl 1&?7 
[DBS 1 3 aSBSfu /n^x^^tK^ 

So 

[0 0 2 1 ] El4J2:ffi«aElft^77« — ^*ric (^fy^ ^ 

a) ogmssr^fo w-jB0^gr*-ffi«3E*^7^- 

^^^-y 1 3 3—, |i^7^-^^tf^^5 

(All) 0 11^7^-^^li, nrffeX^lilKi 3 

(10, 15) (omm^^^m^mm (1 

0, 1 5) <omm\zti:Z>£ 5«-Bf«^lHlKl 3d*Ebf£ 
-rs^^-^T-feSo fc*s, H^>°7 
*SrfT*>1"fc, ^77^y^^^-K12toiiiAfl^ 

[0 0 2 2] ftC, if/K-f Vi? y — >2<75 50 
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swsgsrii^-rs (A12) . mm&mzx* 

[0 0 2 3] ftlC 7nV=.9 9 3frb{lL&ftm<Dtz#> 

~^2iCf4, /nv?x^ 3K«fc5«:#ffi«2 1 ##3fc 

1 KU- ffTK-f 5COM2 1 1 (HjSO :/n$? 
3^?>o«-afJffliii«-cfc5^;iB«2 1 2 (fi*) 

[0 0 2 4] ^ct\ if #4 >9 5 03t^ds»*-f- 

S*» (HP*>, *'&&<OX 5t-tHW 

«#»Ti-**-e (a 14) , &<7>w-fflte«^-iF# 
>r 5<Dfim*:&W)i-z> (a is) o tf-fflfigo^ib 

So ^n^*^^3^**BU*l-oV^-r(De»W-Jffl* 

5J:5K*|IBi-6 (A l 6) e 

[0 0 2 5] i6 ^ffi«W-SB^»»*^»RS:*-**« 
M(4ii ITC PU 1 1 &ff0o *f^?7-f 
— K 1 2 (EIII&^frteHCx, y) = (320, 240) tC^WIft 2 1 
2£tSPrrSo WStell, ^I«2l2l46tfe5o 9 
77^y^^#-Kl2l:»iSftfcf-^f4, HHtl^ 
^HJgSi 3trr^n^ff-^-cA^^tiSo Jttfioj;? 
Id, HHfe2E?£(5]i& 1 Sfcteffi*^*— **x 
XV^ScDT% AAtBIMW^**^ 7 p o^x^^. 
3^P>«j»$nS (Al 3 1-1) o 

[0 0 2 6] fttd, y — ^2<BfflK»HfeSr;fr^9 4 

ttflMTftfc:* 1f*>f 5 365^i-A 2 1 li^Pi^ 
*9 9 3dsa»L^*WIR2 1 2^t»®bTV>S 0 
A^IBIfe^WUXBilftBWSrffv^, 2o^2 1l, 2 
1 2©MOlE«S:tf»]L, Itl^Ltf^ (A13 1- 
2) 0 

[0027] mi\^, 7u—j±**v (ot&mm&k* * 

7\Z.£Z>Atimi&<D'< ^m^^-to (a) te?=77 
4 y?*7S— Kl 2KL«#&3:*V 7^^y 13 
5fc»lH£ftfcIBffe-e, ffii (x,y) cr>iB§Rtc^:tif«2 
1 2dS}ttHiSttTV^S. IRfe-e^fWSEBiaitt-t 
iX^tbJftaKx-l.y). (x+l,yK (x,y-l), (x,y+l) 

So 
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[0028] (b) I*** y— ^2<oa»»t«sr*^ 5 

«,2 11 <bffi^ (x,y) W^B«2 1 2tmWi£tl. 

«212-l-4lt ^rtb-ett (a) OIRSHB* (x-1, 
y), (x + l,y), (x,y-l), <x,y+l)fcteS"*-*{E«jR-C 

[0 0 2 9] ^7^>f 2<Dm&* 

^yTLfcSL &m&2 1 2Sr(x-l,y)JC«SH-rS (A 

132-D o wiaifcra«tc2oo^©BnoEiaiSrtfffl 

"TSo :ll?:M^t§ (A13 2-2) 0 U — if >^ 
*5<D&1 2 1 t-*|-UT«r!lI(x f y)<DL i^UKx-l.y) 
<DM&jB:rtti\i (A132-3) , ^nSrgrLWx, 
y), LCtt, 7ri/^A13 2-ld^Mll:L^ 
M^*5 4-C»f9iSi- (A 1 3 2-4) 0 

[0 0 3 0] i8l:^T^/A 1 3 2 OttWH 
m7 km&<D<<< *—i?X\ ^B«2 12S:iea(x-l,y) 
^il, rixfc±5*|if«2 1 2- 1 <bft;£2 1 1 (O 

ntf^iffi«2 i 2te)t,£2 i i fcifi<5vvo*a. zz. 

X\ x-l^x, M=>LKM£fTLT, ^C®^2 12?:^ 
fcffi«<x-l,y)fc: (Hffifi*fPl) ±IS^S$r 

mvM-to m^rnxn, M21 

£Hlft2 1 20x «fc 9 <OTN f^]^*fetM 
dSt-C^L±«9^:#<*!9, i&att^s/^A 1 3 3iC 

[0 0 3 1] ^f^yA 1 3 3T*f2, ^K^2 1 2 £ (x 
+ l,y)(:ttilt, ^f^/^Al 3 2tl^f0^14r» 

«9jg-*\ H9 0<t5«-, r<0«TttJ&mfft2 1 2- 2# 
)fc/&2 1 1 Ox fciaff— &-r5£T»9iS*ixa« 

[0 0 3 2] IWHHMLT, Xry-fA 1 3 4t«(x,y- 
1)^P>> ^Ty^A 1 3 5-Ctt(x,y + l)a>&08La*:* 
5g-r o r<D0S-C«\ Hl0Oj;5K. yO**l^l (PIE 

_b*) ^ft^5*Qfatt3t*2 i 1 a> a <D-cii:% 

^fr*,«3 6ixS. — Hi 1 (DX b Ky ^jE^rnHcfa 
^ 5 t # , ^365-0 jftlBffc 2 1 2 ttft/S 2 1 1 KftgHfi-r 
5 0 COftSHfiLfcfc^K. 7i/-A^^y l 3 5lc^o 
tt5,6iS»2 1 2<Omm (x, y) 

*3*+53t^2l l<omm (X, Y) S:, 4SS«^7^ 
-*j*-ey 1 3 3fcB1fr*-«. tit, 7U-A^P 
13 5«g (x, y) OiUig£ttJ;>j-r£££, 

(x, y) ^usst L-ctti^-rs «t 5 {zmm^-rn 
y-^o^^t-ai-5®flft^^nat?# 

[0 0 3 3] ::-C, H6tC:}o#£A3 3. A134& 
XI A 1 3 5T?|ftjgUdSA 13 2 Oftffi^ hftfrfrZ Ol* 
#W31fiUcJ;$ 0 y — V2asspffi-?fcvvSfrfrttu 5t 
^2 1 1 ^WUT^IBffe2 1 2Srx*-|Rl*^tty*lS]{- 
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fttS^ L fcifiH T? co EgffiKS £ % 5 t m% t-3fl?-C 
[0 0 3 4] ^^{ci^sspfi:®^^^ 

10 (X, Y) £:7U— A^^y _t<Dm^<D&m (x, y) 

sit, «*^o]Eai*s*]Etf*a-e#*. 

[0 0 3 5] *HJfi«lt?tt, *^osj^^f^^*j^-r^ 

ro££te> sue***!'— -tf^>-^os*ffiej- 

[0 0 3 6] ftjc, ^laftffil^JKWSrRW-rSo JiE 

mmmx\ xjvicDMi&m&i&^^m&te. mi 2 
(a) ^><t 5i-^^ y— v2±o?t^i 2 1 h&mmfc 

30 ^I2 2i*/>tfjxrv>tfc, (b) (^J: 5lcA*iiiJ 
« 1 4 0 ±©B«B«"CRI-* t ^ft L* 5 . 

x\ fit^v&xmmzmmvx&wftmnmm&faii 

[0 0 3 7] Ell 3tc N *^9<Ott*«ffiS:*iJffi-rSffi 
«W-«*8fe<Z>*«IS:*i-o *«tttB6(DAl 3 1-A 
1 3 5^ffay#HlC0^^> Al 3 6(D^WdSiiJpSttT 

v>^ e in^. &±ffo<D** : 7mm^£z>%&2 wtm 
^mm2 1 2o*sgieu^ai^sr*«>fc«t-. 

4*Stt*RT«***r^^^+* (A136-1) o ifi* 

40 HTtB-C&ixMU y ^ A 1 3 5 i *4 S tt 

fcJHje^Srtt^WK-rs (A136-2) 0 -t l*C> r 
Offi*«»LfcA*-M«l±"e*^:2 1 1 i:«^S^2 1 
2<£>SggtL£3fctf\ ^OggglL i:^^iU*2 1 2<Dmm 
(x, y) ^rS^^f y 7^A 1 3 2 «5 1 

[0 0 3 8] *asWtOffi<OjllK0iJ^J:Sffiittl-»J 
^jfeSrRW-f-So HI 4Jcy*|6]Ota:aW-ayo*>IRS:* 
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b&x+mm-rz) (bud . , y-t^yo- 

0, y 0frb<DM£y htrtKy h$t (yh0 = 48 
o) ^tt, y — >-2 ±<OSJ3£LfcV^jCl 

TxK-f V* 5 3rfttt, *:<D%&2 i l ^^74t 

5<DmM (x, y) Srtt*»S (B 1 3 2) 0 
[0 0 3 9] ftC, CPU11^5)^77^y^#- 
Kl 2, Hffe^HISS 13, :/ni V?:* * * 3 Srtf" It® 

T^J;5^8i*i"5o *i\ y0^6SiSyh/2 (0 JO 
-2 4 0 Kyh) ©*SB«:**L (B13 3) s -^St 
*«Sfflt-*^2 1 1<£>J£S (x 0 , yo) a s **£ivci^ 
5 (B 1 3 4) o **«H^jtt*2 1 ltf* 

*4xTV^5»^tt, ^7^^13 71:^1, yOli 
-t<0**-Cyiff£«:y h/2 (240 KyF) i tt, 
Bi33CI5o 1-%b, •ffcft**tSH* s y 0**6JB 
$yh/2 (0 — 2 4 0 K y M £&5 0 — 
Bfc3te/£2 1 ia^£;h/tW«£V>S-&te, ^{5i<^)y 
±^y 0 = y 0 + y h/2 t L (B135) , y iff $ £ 
yh = yh/2tl (B13 7) y^B 1 3 3K ^ 

I6 0 fc*?U JESrbfcy 0dS^P5# (yO<l Ky 

h) SriB*.fci:#«:3l*Tt-S (B136). 

[0 0 4 0] HI 1 5tt*0!l<Z>RWH-e*>So (a) <D£ 
5K> *«!JOJi^<Z>«*j6H^3t^2 1 l^ltit 
V^o #Ct-> (b) -Cliy0 = 0^P)yh' /2 (= y 

h/4) *s«*ffiffl (o-i20KyH 

■Ctt**2 1 1 3ftS^*ixftV\ yMy0 = y 

h/4 ((Kf**«l©yT) , y^^yh' =yh/ 
2 (=y h/4) fc-r5*ffc**««H (12 0-18 
OKyh) ts *^C2 1 1 as$*JxT^5 0 

[0 04 1] ^WJ: 9 CLT, 3e^Pg#£^x.3ii:f!u£ 

tOyiP*jS2 1 lOylS (y 0 ) ^*HSi"S 0 

^2HOi« (x 0 , yo) fc#J6i"S7 

*ui, *HW/fllf*2 l 2©8*W2 l l £<Dgggi<£> 

[0 0 4 2] fcte, *«W<0jEteto<&3lii«i: IT, 

Wi"*. Ml 6 &2 i$ <D7 vis 
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